T was, in 1978, the first isolate of the genus Frankia to be obtained from Comptonia peregrina root nodules. In this study, a polyphasic approach was performed to identify the taxonomic position of strain CpI1
fatty acid are iso-C 16:0 and C 17:1 x 8c. The 16S rRNA gene sequence identity varies from 97.4 to 99.6% with the type strains of currently described Frankia species. Phylogenetic analyses based on 16S rRNA gene sequences and multi-locus sequence analysis (MLSA) using atp1, ftsZ, dnaK, gyrA and secA gene sequences showed that strain CpI1
T is closely related to Frankia alni ACN14a
T . The genome size of strain CpI1 T is 7.6 Mb with a digital DNA G?C content of 72.4%. Digital DNA:DNA hybridization (values between strain CpI1
T and its close phylogenetic relative F. alni ACN14a T was 44.1%, well below the threshold of 70% for distinguishing between bacterial genomic species. Based on the phenotypic, phylogenetic and genomic data, strain CpI1 T (= DSM44263 T-= CECT9035 T ) warrants classification as the type strain of a novel species, for which the name Frankia torreyi sp. nov. is proposed.
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Introduction
The genus Frankia (Brunchorst 1886) of the family Frankiaceae (Becking 1970 ) and the order Frankiales (Sen et al. 2014 ) contains soil-dwelling actinobacteria, most of which fix nitrogen in association with diverse dicotyledonous hosts, collectively named actinorhizal plants (Benson and Silvester 1993; Schwencke and Carú 2001; Chaia et al. 2010) . Based on single locus markers such as the 16S rRNA (Normand et al. 1996) , gyrB (Nouioui et al. 2011) or gln II genes (Normand et al. 1996; Nouioui et al. 2011) , the 16S-23S rRNA internal transcribed spacer (Ghodhbane- Gtari et al. 2010 ) and multi-locus sequence analysis (MLSA) [atp1, ftsZ, dnaK, gyrA and secA] (Gtari et al. 2015) or core genome ) phylogenies, Frankia strains have been classified into one of the four groups in line with the host plant specificity (Baker 1987) . Cluster 1 encompasses strains infective towards Alnus (Betulaceae), Allocasuarina and Casuarina (Casuarinaceae), and Myricaceae, while cluster 2 contains strains that infect Coriariaceae, Datiscaceae, Dryadoideae, and Ceanothus (Rhamnaceae). Cluster 3 represents Frankia associated with Elaeagnaceae, Colletieae (Rhamnaceae), Myricaceae, and Gynmmostoma (Casuarinaceae). Additionally, cluster 4 includes atypical Frankia strains, which are devoid of the abilities to fix nitrogen and/or to re-infect their host plants. Recently, two to four species have been validly named within each of the four clusters. Frankia alni (Nouioui et al. 2016) , Frankia casuarinae (Nouioui et al. 2016) and Frankia canadensis (Normand et al. 2018 ) of cluster 1. Frankia coriariae (Nouioui et al. 2017a) , ''Candidatus Frankia datiscae'' (Persson et al. 2011) and ''Candidatus Frankia californiensis'' (Normand et al. 2017) in cluster 2. Frankia elaeagni (Nouioui et al. 2016) , Frankia discariae (Nouioui et al. 2017b) and Frankia irregularis (Nouioui et al. 2018a ) within cluster 3. Cluster 4 contains Frankia inefficax (Nouioui et al. 2017c ), Frankia asymbiotica (Nouioui et al. 2017d ) and Frankia saprophytica (Nouioui et al. 2018b) .
Strain CpI1 T was the first isolate of the genus Frankia to be cultivated from the root nodules of Comptonia peregrina (Callaham et al.1978) . It is able to fulfil Koch's postulates by inducing effective root nodules on its original host plant and other members of Myricaceae and Alnus species (Callaham et al. 1978; Lalonde 1979; Baker 1987; Torrey 1990) . After this successful isolation, substantial progress in Frankia biology (Baker and Torrey 1979; Newcomb et al. 1979 ) and taxonomy (Lechevalier and Lechevalier 1979) has been made and many isolates have been obtained from several other actinorhizal plants (Lechevalier and Lechevalier 1990) . In this study, strain CpI1
T was subjected to polyphasic taxonomic analysis, which underlined the phenotypic and phylogenetic divergence of this strain from other known Frankia species, which warrants its classification as the type strain of a new Frankia species, here named Frankia torreyi sp. nov.
Materials and methods

Strain CpI1
T was maintained in basic propionate (BAP) medium (Murry et al. 1984) supplemented with NH 4 Cl, together with the reference type strains of other Frankia species (Table 1) . Four week old cultures were phenotypically characterised using GENIII microplates in an Omnilog device (Biolog Inc., Haywood, USA). The ability of the strain to grow on a wide range of carbon and nitrogen sources, under different pH and salinity conditions, and in the presence of antibiotic or toxic compounds was tested as described previously (Nouioui et al. 2016 ). All of the tests were performed in duplicate. Cell wall sugars, diaminopimelic acids (meso-A 2 pm; meso-diaminopimelate), fatty acids, menaquinones and polar lipid patterns were determined as described previously (Nouioui et al. 2016) .
The 16S rRNA gene sequence obtained from a PCRproduct has been deposited in GenBank under accession number MH423838. Similarity matrices of the 16S rRNA gene sequences for strain CpI1
T and the type strains of Frankia species were performed using the genome to genome distance calculator (GGDC) web server (Meier-Kolthoff et al. 2013a, b) . Maximumlikelihood (ML) and Maximum-parsimony (MP) phylogenetic trees were inferred using the same pipeline of the GGDC server as described previously (Nouioui et al. 2018a ). Multi-locus sequence analysis (MLSA) based phylogeny was performed using 5 housekeeping Table 1 Phenotypic and chemotaxonomic properties that distinguish strain CpI1 T from the type strains of F. alni ) and other Frankia species, F. alni (Normand et al. 2007 ), F. canadensis (Normand et al. 2018 ) and F. casuarnae (Normand et al. 2007) ,was calculated using the GGDC pipeline (formula 2) (http://ggdc.dsmz.de/distcalc2.php). Average Nucleotide Identity (ANI) was determined using the ANI calculator at the Integrated Microbial Genomes and Microbiomes server (https://img.jgi.doe.gov/).
Results and discussion
After 3-4 weeks incubation in BAP broth medium at 28°C, strain CpI1
T was observed to produce nonpigmented cells with branched vegetative hyphae, vesicles and multi-locular sporangia (Fig. 1) . Several studies have confirmed the strains ability to fix nitrogen and to re-infect its host plant (Callaham et al. 1978; Lalonde 1979; Baker 1987; Torrey 1990 ). Based on several biochemical features, strain CpI1 T can be easily distinguished from its near relative F. alni ACN14a T . In comparisons, strain CpI1 T was found to metabolise a-keto-butyric acid, d-gluconic acid, p-hydroxy-phenylacetic acid, citric acid, bromosuccinic acid, a-keto-glutaricacid, D malic acid and acetic acid, while strain F. alni ACN14a T oxidised methyl pyruvate and was found to metabolise Dglucose-6-phosphate, D-fructose-6-phosphatea and guanidine hydrochloride more effectively than strain CpI1 T (Table 1) . Whole cell hydrolysates of strain CpI1
T were found to contain meso-A 2 pm and galactose, glucose, mannose, xylose, ribose and rhamnose as cell wall sugars, in agreement with a previous report (Lechevalier and Ruan 1984) . The polar lipid pattern of strain CpI1
T is as previously reported (Lopez et al. 1983 ) and consists of phosphatidylinositol, diphosphatidylglycerol, three glycophospholipids (GPL 1-3 ), phosphatidylglycerol, an aminophospholipid and unidentified phospholipids (PL 1-2 ) and lipids (Fig. S1 ). Apart from aminophospholipid and phospholipids, the polar lipid composition of strain CpI1 T is similar to that of F. alni type strain ACN14a T (Nouioui et al. 2016 Frankia CpI1 T (JYFN00000000.1)
Frankia alni ACN14a T (CT573213)
Frankia canadensis ArgP5 T (FZMO00000000.1) (Table S1 ), in agreement with a previous study (Tunlid et al. 1989) and which is a similar profile to that of F. alni ACN14a T . Pairwise 16S rRNA gene sequence similarities of strain CpI1
T varied from 97.4 to 99.6% with the type strains of currently described Frankia species and showed the highest value with F. alni ACN14a T (99.6%; Table 2 ). As shown in Fig. 2a , these two strains form together a subclade within Frankia cluster 2 (Alnus, Allocasuarina, Casuarina and Myricaceae infective strains). The phylogenetic relatedness of strain CpI1
T to F. alni and members of cluster 1 is also in line with the MLSA-based phylogeny (Fig. 2b) . The genome of of strain CpI1
T has been sequenced ; the sequenced used for analysis here is that of the CpI1-S succinate variant, which can use succinate and other dicarboxylic acids for growth . The dDDH value between strain CpI1 T and F. alni ACN14a T (Table 2 ) was 44.1% (ANI = 93.7%), a value well below the threshold of 70% (ANI = 96%) for delineation of a novel prokaryotic species (Wayne et al. 1987; Richter and Rosselló-Móra 2009 ). The genome size of CpI1 T is 7.6 Mb with 72.4% G?C content , while that of its close relative F. alni ACN14a T is 7.5 Mb, with 72.8% G ? C content (Normand et al. 2007 ).
The phenotypic, phylogenetic and genomic data confirm the distinctness of strain CpI1
T from the type strains of other Frankia species. Therefore, we conclude that this strain should be recognised as the type strain of a novel species, for which the name Frankia torreyi sp. nov. is proposed. The Digital Protologue database (Rossello-Mora et al. 2017) TaxoNumber for strain CpI1 T is TA00597.
Description of Frankia torreyi sp. nov.
Frankia torreyi (tor're.yi N.L. gen. n. torreyi, named for John G. Torrey, in recognition of his substantial contributions to Frankia research including the isolation of the first Frankia strains). Nitrogen-fixing, Gram-positive, aerobic, heterotrophic and chemoorganotrophic actinobacterium characterised by three types of cell structures: substrate hyphae, multi-locular sporangia and vesicles. Optimal growth is observed after 3-4 weeks of incubation on BAP medium at 28°C with pH from 6.3 to 6.8. Able to metabolise propionate, a-ketobutyric acid, D-gluconic acid, p-hydroxy-phenylacetic acid, citric acid, bromo-succinic acid and a-ketoglutaric acid and to grow in presence of aztreonam, lincomycin, minocycline, nalidixic acid, troleandomycin and vancomycin. meso-Diaminopimelic acid, galactose, glucose, mannose, rhamnose, ribose and xylose are present in whole cell hydrolysates, and the predominant menaquinones is MK-9(H8). The polar lipid profile contains phosphatidylinositol, diphosphatidylglycerol, glycophospholipids, phosphatidylglycerol, an aminophospholipid and unidentified phospholipids and lipids. The major fatty acids ([ 15%) are iso-C 16:0 and C 17:1 x 8c. The size of the genome of the type strain is 7.6 Mb and digital DNA G?C content is 72.4%.
The type strain CpI1 T (= DSM 44263 T = CECT 9035 T ) was isolated from the root nodules of Comptonia peregrina (Callaham et al. 1978) . The GenBank/ EMBL/DDBJ accession numbers of the genome and 16S rRNA gene sequence of strain CpI1 T are JYFN00000000.1 and MH423838 respectively.
